Abstract. Upstream migration of juvenile stages of temperate Australian amphidromous fish typically coincides with seasonally low river discharge when hydraulic (e.g. cascades) and physical (e.g. rock bars) barriers may be common. The ability to 'climb' or 'jump' may be expected to assist in negotiating low-flow barriers; however, it is presumed to be limited to a few native Australian freshwater fishes. Juvenile stages of Galaxias truttaceus Valenciennes, 1846 were observed 'climbing' and 'jumping' to successfully negotiate a low, vertical weir wall during their upstream recruitment migrations in south-western Australia. Based on this observation, we propose initial definitions for 'climbing' and 'jumping' to describe locomotory strategies employed by fishes to negotiate obstacles that would otherwise prevent free passage by normal swimming behaviour. Greater knowledge of the climbing, jumping and swimming performance, especially for small-bodied species and early life stages, will help improve the management of instream barriers for this critically endangered species and other freshwater fishes of southern Australia.
Fishes that undertake regular and predictable movements between freshwater and marine environments (i.e. diadromy: McDowall 1988) , are a conspicuous component of coastal riverine fish communities in Australia; however, knowledge of their lifecycles and ecology is generally limited. The biology of at least half of the diadromous fishes in Australia is considered to be 'mostly unknown', and for 60% of these species this has been attributed to limited information on the biology of early life stages (Miles et al. 2013) . In many cases, this has led to poor management decisions and consequently many of the Australian diadromous species are under increasing threat from a range of environmental impacts (Miles et al. 2013) . In particular, the impact of instream barriers on migratory fish species is well documented, including the alteration of faunal assemblages and reduced ecosystem productivity (Harris 1984; Gehrke and Harris 2001; Lucas and Baras 2001; O'Hanley 2011) . Instream barriers can also threaten the sustainability of individual populations by increasing predation rates, restricting the availability of habitats critical for spawning, feeding, or as nurseries and reducing overall recruitment success (Northcote 1998; Lucas and Baras 2001) . As a result, fishways are commonly installed to enable fish passage past instream barriers for individual fish species, and also whole fish communities (Katopodis 1992; Mallen-Cooper 2000) .
Upstream migration of juvenile life stages represents an important process in the life of amphidromous species (McDowall 1988) . Amphidromy, a form of 'diadromy', is the regular, non-reproductive migration between freshwater and the sea, and typically involves spawning in freshwater habitats, development and growth of early life stages in marine habitats and the return-migration of juvenile life stages to freshwater habitats (McDowall 1988; Koehn and Crook 2013) . In temperate systems with strongly seasonal river discharge, these upstream migrations typically occur between higher flow pulses in spring and autumn when river flows are relatively low (McDowall 1996; Morgan and Beatty 2006) . While this seems logical, because early life stages may be expected to have comparatively weaker swimming ability (compared with adult stages), the timing of these migrations also coincides with periods when hydraulic (e.g. high-velocity riffles and cascades) and physical (e.g. rock-bars, log jams) barriers may be common (sensu Reinfelds et al. 2009 ). It may be reasonable to suspect, therefore, that there may be other locomotory strategies employed by migrating fish that could help overcome the increased prevalence of instream barriers during low-flow periods. While the relative swimming ability of some largebodied Australian freshwater species (Mallen-Cooper 1994) and their life stages (Mallen-Cooper 1992; Lyon et al. 2008) have been documented, similar published information is generally lacking for most small-bodied Australian native freshwater fish species, with a few exceptions (e.g. Walker 2010, 2012) .
The trout minnow, Galaxias truttaceus Valenciennes, 1846, is known from Western Australia, South Australia, Tasmania and Victoria, and King, Flinders and Clarke islands in Bass Strait (Allen et al. 2002) . Although Western Australian populations of the species were originally described as a discrete taxon (Galaxias truttaceus hesperius Whitely, 1944), more recent studies synonymise G. truttaceus hesperius with G. truttaceus (Paxton et al. 2006) In Western Australia, the species is known from only three catchments located on the south coast (Morgan 2003; Colman 2010) . Each of these populations is 'landlocked'; however, they have retained a semiamphidromous life history (cf. McDowall 1988) and migrate between riverine and downstream lacustrine habitats (Morgan 2003; Morgan and Beatty 2006) . For two of the known populations in Western Australia, lotic habitats supporting adult stages are typically short, low gradient with predominately low-flow velocity, while the third population exists in a river characterised by numerous rock bars separating extensive pool habitats. This paper reveals a previously undocumented climbing and jumping behaviour of G. truttaceus based on opportunistic observations of juvenile life stages successfully ascending a low-head vertical weir in the Goodga River during their upstream recruitment migration. The Goodga River weir (total height 1.5 m) is a typical V-notch concrete gauging structure comprising a vertical wall and a narrow angled step to which a partial-width metal baffle (~30 cm high) creates the V-notch construction (Fig. 1a ) (see also Morgan and Beatty 2006) . Prior to the construction of a vertical-slot fishway, this weir restricted the entire population of G. truttaceus to~2 km of downstream riverine habitat (Morgan 2003) .
Over two opportunistic, 20-30-min periods of observation in consecutive weeks of late October and early November 2013, a total of~50 juvenile fish (40-45 mm standard length) were observed attempting to negotiate the Goodga River weir by 'climbing' vertically through the wetted margin or 'splash zone' (Fig. 1b) . During this ascent, fish appeared to maintain connection with the substrate, using a modified swimming technique similar to the 'wriggle' movement described by Baker and Boubée (2006) . Some individual fish were also observed to 'rest', mid-ascent, maintaining a stationary position on the vertical weir wall. Whether this ability is achieved through enhanced surface tension via modification to fin structures (e.g. McDowall 2003) remains unclear. Approximately 30-40% of these individuals successfully reached the narrow angled skirt below the metal V-notch baffle (Fig. 1b) . The fate of those individuals unsuccessful in their attempt to ascend the vertical weir wall is unknown. On both occasions, up to 30 individual fish were observed congregated to the side of the flow and behind conduit piping that houses communication leads associated with the telemetered hydrographic station (Fig. 1c) . These fish were exposed to the air, presumably for periods of minutes, but were kept moist with regular 'water splash'. The fact that these individuals were capable of tolerating presumably short periods of exposure to air is interesting, although not unique in the Galaxiidae, which includes species capable of both long-term (e.g. aestivation) (Pusey 1989 ) and short-term (e.g. Magellan et al. 2014) exposure. Approximately 20 individual fish were observed attempting to ascend a height of 30 cm over the metal V-notch baffle (Fig. 1b, c) , of which 15 (~75%) were successful. Those fish that successfully ascended the metal baffle employed the same 'climbing' technique described above; however, they did so with sufficient burst speed to achieve significant separation from the baffle and water surface (i.e. 'jump') and re-enter the water in the weir pool~20 cm upstream from the metal baffle. Prior to reaching the weir wall, these fish also negotiated turbulent and highvelocity water created by the weir skirt (Fig. 1a) . Over both periods of observation, all fish were observed attempting to negotiate wetted surfaces. Based on the observations described here, we propose two definitions, 'climbing' and 'jumping', that describe locomotory techniques used by fish to negotiate obstacles (physical or hydraulic) that would otherwise prevent free passage by normal swimming behaviour. 'Climbing' by fish is defined as the ability to ascend a wetted or dry, vertical or near vertical obstacle using modified movement, behaviour and/or morphology (especially fin structure) while maintaining connection to the substratum and subject to full or partial exposure to air. This definition is consistent with observations by other researchers of fish climbing natural and artificial structures with vertical or high gradients often using behavioural and morphological modifications (McDowall 1993 (McDowall , 2003 Schoenfuss and Blob 2003; Blob et al. 2007; David et al. 2009 ). We also define 'jumping' by fish as the ability to achieve significant separation from the water or substrate (if exposed to air). This appears consistent with fish that have an ability to jump out of the water, e.g. propelled by a swimming burst, and also those species capable of 'terrestrial' jumping using tail-flip or axial bending behaviour (sensu Gibb et al. 2011) .
The ability of G. truttaceus to 'climb' the vertical weir wall and to 'jump' contrasts with most other Australian native species and particularly their juvenile stages; less than 5% of 205 native Australian freshwater species are thought to posses some ability to climb and jump (Allen et al. 2002) . Within the Galaxiidae, Galaxias brevipinnis Günther, 1866 is known to have capabilities for climbing (McDowall 1996 (McDowall , 2003 . Less definitive observations also exist for Galaxias olidus Günther, 1866 in high-altitude streams of south-eastern Australia (Green 2008) . New Zealand galaxiids known to 'climb' include Galaxias fasciatus Gray, 1842, Galaxias postvectis Clarke, 1899 and the local form of G. brevipinnis (McDowall 1990 (McDowall , 2003 David et al. 2009 ). Moreover, David et al. (2009) demonstrated vertical climbing of G. fasciatus up a 0.5-m weir via polypropylene mussel spat ropes. Similar observations also exist for other Australian native species, including Gobiomorphus coxii (Krefft, 1864), Anguilla reinhardtii Steindachner, 1867 and Anguilla australis Richardson, 1841 (Beumer 1996; Larson and Hoese 1996) , Geotria australis Gray, 1851 (Morgan et al. 1998) and members of the Sicydiine gobies (Donaldson et al. 2013) . The ability of native Australian freshwater species to jump is largely unknown, although Stuart et al. (2006) noted that many large-bodied Australian native freshwater species may not. Whilst some small-bodied freshwater fish, e.g. Galaxias occidentalis Ogilby, 1899 (Morgan and Beatty 2008) and Nannatherina balstoni Regan, 1906 (Morgan 1993 , have been observed jumping, this ability in other Australian freshwater species is poorly documented.
As many as 400 juvenile (young-of-year) G. truttaceus are known to use the Goodga River fishway per day during their upstream recruitment migration (Morgan and Beatty 2006) . Those individuals reported here, successfully negotiating the vertical weir, may therefore represent only a small proportion of the total number of juvenile migrants. The reported absence of this species in habitats upstream of the weir before the opening of the fishway in 2003 (Morgan and Beatty 2006) suggests that, if individuals had successfully negotiated the weir historically, their numbers were insufficient to maintain a detectable population, and that it was the construction of the fishway that allowed for the establishment of a relatively abundant population (0.5 fish.1 m -2 ) upstream of the weir (Morgan and Beatty 2006) .
It would seem reasonable to predict that juvenile stages of fish may be more capable of climbing given both their lower mass and also surface area upon which high-velocity water may impact. Both these factors may limit the ability of adults to ascend vertical structures (sensu Blob et al. 2007) . Key considerations in the design of fish passage structures include both hydraulic and biological parameters (e.g. Rodríguez et al. 2006) , the latter usually including the relative swimming ability of resident fish species such that water velocities do not exceed burst (<20 s), prolonged (20 s to 200 min) and sustained (>200 min) swimming capabilities (Beamish 1978) . However, as demonstrated by our observations of G. truttaceus in southwestern Australia (and observations by other researchers of climbing freshwater fish species in New Zealand), further consideration of the climbing and jumping capabilities is required for freshwater migratory species to improve our ability to prioritise mitigation works on instream barriers and help improve fishway design (sensu Baker and Boubée 2006; David et al. 2009; Doehring et al. 2011) . If the management goal is to improve fish passage for accomplished climbers such as G. truttaceus in south-western Australia, design criteria for fish passage structures may be less complicated than previously thought.
